Anthrax lethal toxin, composed of protective antigen and lethal factor, was tested for cytotoxicity to human melanoma cell lines and normal human cells. Eleven of 18 melanoma cell lines were sensitive to anthrax lethal toxin (IC 50 < 400 pmol/L) and 10 of these 11 sensitive cell lines carried the V599E BRAF mutation. Most normal cell types (10 of 15) were not sensitive to anthrax lethal toxin and only 5 of 15 normal human cell types were sensitive to anthrax lethal toxin (IC 50 < 400 pmol/L). These cells included monocytes and a subset of endothelial cells. In both melanoma cell lines and normal cells, anthrax toxin receptor expression levels did not correlate with anthrax lethal toxin cytotoxicity. Furthermore, an anthrax toxin receptor -deficient cell line (PR230) did not show any enhanced sensitivity to anthrax lethal toxin when transfected with anthrax toxin receptor. Anthrax lethal toxin toxicity correlated with elevated phosphorylation levels of mitogen-activated protein/extracellular signal-regulated kinase kinase (MEK) 1/2 in both melanoma cell lines and normal cells. Anthrax lethal toxin -sensitive melanoma cell lines and normal cells had higher phospho-MEK1/2 levels than anthrax lethal toxin -resistant melanoma cell lines and normal tissue types. U0126, a specific MEK1/2 inhibitor, was not toxic to anthrax lethal toxinresistant melanoma cell lines but was toxic to 8 of 11 anthrax lethal toxin -sensitive cell lines. These results show that anthrax lethal toxin toxicity correlates with elevated levels of active MEK1/2 pathway but not with anthrax toxin receptor expression levels in both normal and malignant tissues. Anthrax lethal toxin may be a useful therapeutic for melanoma patients, especially those carrying the V599E BRAF mutation with constitutive activation of the mitogen-activated protein kinase pathway. [Mol Cancer Ther 2005;4(9):1303 -10] 
Introduction
Patients with metastatic melanoma respond poorly to chemotherapy with response rates of 20% and median response duration of 3 months (1). New treatment strategies are needed. The mitogen-activated protein (MAP) kinase (MAPK) pathway is a highly conserved signaling pathway mainly responsible for cell proliferation, survival, and differentiation. Mutations leading to the constitutive activation of the Ras-Raf-MAP/extracellular signal-regulated kinase (ERK) kinase 1/2 (MEK1/2)-ERK1/ 2 MAPK pathway are a hallmark of many human cancers including melanomas. The V599E BRAF mutation has been found in 70% of human melanomas whereas another 20% have been found to carry the Q61K/R N-Ras mutation (2) . Both of these mutations lead to the constitutive activation of the MAPK pathway independently of any upstream growth signals and, therefore, to the uncontrolled growth and survival of melanoma cells. Furthermore, several studies have shown that the constitutive activation of the Ras-Raf-MEK1/2-ERK1/2 MAPK pathway is critical for melanoma survival and proliferation (3, 4) . Hence, targeting the MAPK pathway is an attractive strategy for melanoma therapy. We recently showed that anthrax lethal toxin proteolytically cleaves MEKs (4) . Thus, we hypothesize that anthrax lethal toxin might be a potential treatment for melanoma.
Anthrax lethal toxin is composed of two proteins: protective antigen and lethal factor. Protective antigen binds cell surface receptors tumor endothelial marker 8 (TEM8) and capillary morphogenesis gene-2 (CMG2; refs. 5, 6) . After cell binding and furin processing, the 63 kDa protective antigen fragments heptamerize, bind three molecules of lethal factor, migrate to lipid rafts, and undergo endocytosis (7) . In acidic endosomes, the complex forms pores through which lethal factor reaches the cytosol and cleaves and inactivates MEKs (4) . This leads to cell growth inhibition and cell death.
We have previously shown cytotoxicity of anthrax lethal toxin to melanoma cell lines (8) . In this study, we further characterize the specificity, potency, and molecular mechanisms for cytotoxicity on human melanoma cells, normal cells, and transfected cell lines.
Materials and Methods
Reagents Both protective antigen and lethal factor were expressed and purified as described previously (9) . We also employed a variant of lethal factor (FP59) to induce MAPK--independent, protein synthesis inhibition -mediated cell death. FP59 is a fusion of the protective antigen binding domain of lethal factor (amino acids 1 -254) with the ADPribosylation domain of Pseudomonas aeruginosa exotoxin A (amino acids 362 -613). FP59 was expressed and purified as described previously (10) . U0126, a specific MEK1/2 inhibitor, was purchased from Cell Signaling Technology (Beverly, MA) and used as indicated.
Cells and Cell Lines Melanoma cell lines were purchased from the American Type Culture Collection (Manassas, VA) and from the Deutsche Sammlung von Mikroorganismen und Zelkulturen GmbH (Braunschweig, Germany) and grown as recommended. Normal human cells were purchased from Cambrex (Baltimore, MD) and grown as recommended. PR230, a spontaneous protective antigen receptor -deficient Chinese hamster ovary (CHO) cell mutant, as well as TEM8-and CMG2-transfected CHO cells were generated as described previously (11) . TEM8 and CMG2 expression was enriched by four rounds of flow cytometry with phycoerythrin-streptavidin/biotin-protective antigen staining.
Cytotoxicity Assays ]thyhymidine incorporation inhibition assay were done as described previously (12) . In short, aliquots of 10 4 cells were coincubated with 1 nmol/L lethal factor or FP59 in 100 AL medium in Costar 96-well flat-bottomed plates in duplicates. Fifty microliters of protective antigen in medium were added to each column to yield concentrations ranging from 10 to 10,000 pmol/L (for U0126, concentrations ranged from 1 nmol/L to 100 Amol/L), and the cells were incubated at 37jC/5% CO 2 for 48 hours. [ 3 H]Thymidine (1 ACi; NEN DuPont, Boston, MA) in 50 AL medium was added to each well and incubation was continued for an additional 18 hours at 37jC/5% CO 2 . For [ 3 H]leucine incorporation inhibition, media was removed and 1 ACi [ 3 H]leucine (NEN DuPont) in 100 AL of leucine-free media was added to each well, and incubation was continued for an additional 18 hours at 37jC/5% CO 2 . Cells were then harvested with the Skatron Cell Harvester (Skatron Instruments, Lier, Norway) onto glass fiber mats and counts per minute of incorporated radiolabel were counted using an LKB liquid scintillation counter gated for 3 H. The IC 50 was defined as the concentration of toxin which inhibited thymidine or leucine incorporation by 50% compared with control wells. The percent maximal [
Anthrax Toxin Receptor Expression Levels
Protective antigen was labeled with Bolton-Hunter 125 I as described previously (13) . Anthrax toxin receptor expression levels were measured using 125 I-labeled protective antigen binding assay as previously described for 125 I-labeled epidermal growth factor binding assay with the following differences (14) . Cells (10 6 ) were plated in 12-well plates and incubated with varying amounts of 125 I-labeled protective antigen (4,000 -5 pmol/L) with or without excess (4 nmol/L) cold protective antigen at 37jC for 1 hour; then the supernatants were removed, the cells washed thrice with PBS containing 2 mmol/L of CaCl 2 and MgCl 2 , and harvested. Experiments were done in duplicate. Receptor number per cell (maximum number of binding sites) as well as dissociation constant (K d ) were calculated with the GraphPad Prism software.
Western Blotting Cell lysates were obtained and Western blots were done using anti-MEK1/2, phospho-MEK1/2 (Ser217/221), ERK1/2, and phospho-ERK1/2 (Thr202/Tyr204; Cell Signaling Technology) as described previously (15) . We controlled equal loading of samples using an anti-h actin monoclonal antibody (Cell Signaling Technology). Band intensity was determined using densitometry and ratios of phosphorylated to total MEK1/2 and ERK1/2 levels were calculated. This method provides only a semiquantititative assessment of MEK1/2 and ERK1/2 activity.
Melanoma Cell Line Mutational Status
The type of BRAF or N-Ras mutations carried by melanoma cell lines was determined using a PCR-single strand conformation polymorphism as previously reported (15 -17) .
Results
Anthrax Lethal Toxin Cytotoxicity We tested the cytotoxicity of anthrax lethal toxin on a panel of 18 human melanoma cell lines using a [ 3 H]leucine incorporation inhibition assay. Anthrax lethal toxin was cytotoxic to 11 of 18 human melanoma cell lines (IC 50 < 400 pmol/L) whereas the remaining 7 of 18 cell lines were resistant to anthrax lethal toxin cytotoxicity (IC 50 > 750 pmol/L; Table 1 ; Fig. 1A) .
To determine the in vitro specificity of anthrax lethal toxin, we tested its cytotoxicity on a panel of 15 normal human cell types (Table 1 ; Fig. 1B ). Anthrax lethal toxin was not toxic to a majority of these normal cells (10 of 15; IC 50 > 750 pmol/L). Only 5 of 15 normal cells were sensitive to this toxin (IC 50 < 400 pmol/L), and these were restricted to monocytes and a subtype of endothelial cells.
Anthrax Toxin Receptor Expression Levels
We measured anthrax toxin receptor expression levels in human melanoma cell lines and normal human cells (Table 1 ). In melanoma cell lines, anthrax toxin receptor expression levels did not correlate with anthrax lethal toxin sensitivity (P > 0.4; Fig. 2A ). Anthrax toxin receptor levels varied between 2,400 and 39,000 receptors/cell. In anthrax lethal toxin -resistant cell lines, anthrax toxin receptor expression levels varied between 2,400 and 25,000 receptors/ cell whereas in anthrax lethal toxin -sensitive cell lines, anthrax toxin receptor expression levels varied between 3,500 and 39,000 receptors/cell.
In normal human cells, anthrax toxin receptor expression levels did not correlate with anthrax lethal toxin toxicity either (P > 0.3; Fig. 2B ). Anthrax toxin receptor expression levels in normal human cell types varied between 660 and 244,000 receptors/cell (Table 1) . Anthrax lethal toxinresistant normal cells had the same range of anthrax toxin receptor expression levels (660 -69,000 receptors/cell) as anthrax lethal toxin -sensitive normal cells (8,800 -244,000 receptors/cell).
To show that anthrax toxin receptor expression levels do not affect the sensitivity of either melanoma cell lines or normal cells to anthrax lethal toxin, we tested the sensitivity of three melanoma cell lines (SK-MEL-2: 2,400 receptors/ cell; A375: 3,500 receptors/cell; and SK-MEL-5: 25,000 receptors/cell) as well as two normal cell types (cardiomyocytes: 32,000 receptors/cell; lung fibroblasts: 3,700 receptors/ cell) to protective antigen/FP59 using a [ 3 H]thymidine incorporation inhibition assay. FP59 is a fusion of the protective antigen binding domain of lethal factor and the ADP-ribosylation domain of P. aeruginosa exotoxin A. Therefore, protective antigen/FP59 toxicity is only dependent on the expression of anthrax toxin receptor on cell surface. The use of this combination allows us to show toxin entry into the cells. Protective antigen/FP59 was cytotoxic to all three melanoma cell lines, with IC 50 = 809, 61, and 35 pmol/L for SK-MEL-2, A375, and SK-MEL-5, respectively, as well as to both normal human cell types, with IC 50 = 1.2 and 1.4 pmol/L for cardiomyocytes and lung fibroblasts, respectively (Table 2 ; Fig. 2C ). These results indicate that anthrax toxin receptor expression levels, in both anthrax lethal toxin -sensitive and anthrax lethal toxin -resistant melanoma cell lines and normal cells, allow for toxin entry into the cells. Therefore, anthrax lethal toxin cytotoxicity is independent of anthrax toxin receptor expression levels. To further show that anthrax lethal toxin toxicity is independent from anthrax toxin receptor expression levels, we transfected a spontaneous protective antigen receptor -deficient CHO mutant cell line (PR230) with protective antigen receptors TEM8 (TEM-8-PR230) and CMG2 (CMG2-PR230). We then tested the sensitivity of these protective antigen receptor -transfected CHO cells to anthrax lethal toxin and protective antigen/FP59. The PR230 cell line with 530 receptors/cell was not sensitive to anthrax lethal toxin (IC 50 = 4 nmol/L). Similarly, the protective antigen receptor -transfected TEM8-PR230 and CMG2-PR230 cells with 11,000 and 12,000 receptors/cell, respectively, were not sensitive to anthrax lethal toxin (IC 50 = 1.6 and 2.4 nmol/L, respectively). However, unlike PR230, TEM8-PR230 and CMG2-PR230 were sensitive to protective antigen/FP59 (IC 50 = 2,450, 6.6, and 2.7 pmol/L, respectively; data not shown). These results show that overexpression of anthrax toxin receptor on protective antigen -deficient CHO cells induces toxin entry into the cells without affecting the resistance of this cell line to anthrax lethal toxin toxicity. Thus, these results eliminate the possibility of the cell entry step being the anthrax lethal toxin toxicity -determining factor.
MAPK Activation Levels
Because lethal factor cleaves MEKs and inhibits the MAPK pathway and because most melanoma cell lines (17 of 18) carry N-Ras or BRAF mutations, we decided to look at the activation status of the Ras-Raf-MEK1/ 2-ERK1/2 pathway to explain cell sensitivity to anthrax lethal toxin. We therefore calculated phospho/total MEK1/2 and phospho/total ERK1/2 ratios in melanoma cell lines, normal human cells, and PR230, TEM8-transfected, and CMG2-transfected CHO cells using Western blots and densitometry. In melanoma cell lines, the mean phospho/ total MEK1/2 ratio of anthrax lethal toxin -sensitive lines (0.72 F 0.19) was significantly higher than that of anthrax lethal toxin -resistant cell lines (0.27 F 0.22; P = 0.0058). Furthermore, phospho/total MEK1/2 ratios correlated with anthrax lethal toxin sensitivity of melanoma cell lines (P = 0.0079; Fig. 3A ). Phospho-ERK1/2 levels, however, did not correlate with anthrax lethal toxin sensitivity. In fact, four of seven anthrax lethal toxin -resistant melanoma cell lines that showed very low levels of phospho-MEK1/2 had very high phospho/total ERK1/2 ratios comparable to those of anthrax lethal toxin -sensitive melanoma cell lines. In normal human cell types, the mean phospho/total MEK1/ 2 ratio of anthrax lethal toxin -sensitive normal cells (0.75 F 0.13) was significantly higher than that of anthrax lethal toxin -resistant normal cells (0.11 F 0.06; P = 0.0001). Furthermore, phospho/total MEK1/2 ratios strongly correlated with anthrax lethal toxin toxicity to normal cells (P = 0.0001; Fig. 3B ). Phospho-ERK1/2 levels, on the other hand, did not correlate with anthrax lethal toxin sensitivity of normal cells (data not shown). CHO cell lines had low MEK1/2-ERK1/2 activation levels. These results indicate that anthrax lethal toxin toxicity to both melanoma cell lines and normal cells is dependent on MEK1/2 activation levels.
In addition to MEK1/2, anthrax lethal toxin also inhibits MEK 3, 4, 6, and 7, leading to the inhibition of all three branches of the MAPK pathway. It is possible, therefore, that anthrax lethal toxin toxicity is due to the inhibition of all three branches of the MAPK pathway and not only of the Ras-Raf-MEK1/2-ERK1/2 pathway, although most melanoma cells carry mutations in this pathway. We therefore tested the cytotoxicity of a specific MEK1/2 inhibitor, U0126, on melanoma cell lines using a [ 3 H]leueucine incorporation inhibition assay. All anthrax lethal toxin -resistant melanoma cell lines were also resistant to U0126 (IC 50 > 400 Amol/L). This confirms that these cells do not rely on the MAPK pathway for survival and, therefore, are resistant to the specific inhibition of MEK1/2 as well as to the inhibition of the entire MAPK pathway. On the other hand, 8 of 11 anthrax lethal toxin -sensitive melanoma cell lines were also sensitive to U0126 (IC 50 < 45 Amol/L), whereas the remaining three cell lines were not sensitive to Fig. 3C ). This shows that in most melanoma cell lines, anthrax lethal toxin toxicity is due to the inhibition of the Ras-Raf-MEK1/2-ERK1/2 pathway. These results, therefore, confirm the correlation of anthrax lethal toxin toxicity with phospho/ total MEK1/2 ratios. However, 3 of 11 anthrax lethal toxinsensitive melanoma cell lines with high MEK1/2 activation levels were not sensitive to the specific inhibition of MEK1/2 by U0126. In some melanoma cell lines, therefore, anthrax lethal toxin cytotoxicity is due to the inhibition of more than just the MEK1/2 activity.
Melanoma Cell Line Genotype
We then assessed the mutational status of BRAF and N-Ras in our panel of melanoma cell lines. Eleven of 18 human melanoma cell lines carried the V599E BRAF mutation, six melanoma cell lines carried the Q61K/R N-Ras mutation, and one melanoma cell line had both wildtype BRAF and N-Ras (Table 1 ). The V599E BRAF mutation strongly correlated with anthrax lethal toxin sensitivity of melanoma cell lines with 10 of 11 anthrax lethal toxinsensitive cell lines carrying the V599E BRAF mutation and 0 of 11 anthrax lethal toxin -sensitive cell lines carrying the N-Ras mutation (P < 0.0001). For anthrax lethal toxinresistant cell lines, one of seven cell lines had the V599E BRAF mutation whereas six of seven had the N-Ras mutation (P < 0.0001). These results show that anthrax lethal toxin is specifically cytotoxic to human melanoma cell lines carrying the V599E BRAF mutation.
Discussion
In this study, we show that anthrax lethal toxin is highly cytotoxic to a majority of melanoma cell lines (61% of tested cell lines). This confirms and expands findings from previous studies looking at the cytotoxicity of anthrax lethal toxin to eight melanoma cell lines through endpoint apoptosis measurement (8) . Preliminary studies have shown that anthrax lethal toxin also induces significant cell cycle arrest in more than 50% of melanoma cell lines that are resistant to anthrax lethal toxin cytotoxicity.
5 This is also in accordance with previous studies that describe anthrax lethal toxin -induced cell cycle arrest in certain melanoma cell lines and in some normal cells (8) . Furthermore, anthrax lethal toxin is cytotoxic to a restricted number of normal human cells. Only monocytes, renal mesangial cells, coronary artery endothelial cells, pulmonary artery endothelial cells, and lung microvascular endothelial cells were sensitive to anthrax lethal toxin whereas all the other normal cells we tested were resistant. Although we did not test anthrax lethal toxin toxicity to normal human melanocytes in this study, we had already determined in previous work that normal human melanocytes were not sensitive to anthrax lethal toxin. In fact, we did not observe any cell death in human melanocytes incubated with anthrax lethal toxin for up to 192 hours (8) . Previous studies had also shown that anthrax lethal toxin is cytotoxic to macrophages and endothelial cells (18, 19) . However, this is the first study where 15 different normal human cell types were tested, including six different endothelial cell types. In this study, we therefore confirm that, in vitro, anthrax lethal toxin is a potent and relatively selective toxin for the targeting of melanoma cells.
In an attempt to dissect the molecular mechanisms underlying the differential toxicity of anthrax lethal toxin to both human melanoma cell lines and normal human cells, we looked at the first determining step in anthrax lethal toxin toxicity: cell binding. Anthrax toxin receptor expression levels were similar in anthrax lethal toxinsensitive and anthrax lethal toxin -resistant melanoma cell lines and normal cells and did not correlate with anthrax lethal toxin toxicity. This excludes a determining role of anthrax toxin receptor expression levels in the differential toxicity of anthrax lethal toxin. Furthermore, we showed that toxin cell entry was occurring in both melanoma cell lines and normal cells. Both anthrax lethal toxin -sensitive and anthrax lethal toxin -resistant cells with different anthrax toxin receptor expression levels were sensitive to protective antigen/FP59. Furthermore, we showed that the transfection of protective antigen receptor -deficient PR230 cells with protective antigen receptors TEM8 and CMG2 did not affect resistance to anthrax lethal toxin, although it allowed for toxin entry into the cells. Our observations, therefore, exclude a determining role of anthrax toxin receptor expression levels in the differential toxicity of anthrax lethal toxin.
We then looked at the second determining step in anthrax lethal toxin toxicity: MAPK inhibition. Previous studies have shown that anthrax lethal toxin cytotoxicity is due to the inhibition of the MAPK pathway (20, 21) . To determine the contribution of this pathway to cell sensitivity to anthrax lethal toxin, we first determined the mutational status of the Ras-Raf-MEK1/2-ERK1/2 pathway in our panel of melanoma cell lines. We found that 10 of 11 anthrax lethal toxin -sensitive melanoma cell lines carried the V599E BRAF mutation, whereas 6 of 7 anthrax lethal toxin -resistant cell lines carried the Q61K N-Ras mutation.
These results indicate that cells carrying the V599E BRAF mutation are much more susceptible to anthrax lethal toxin cytotoxicity than cells carrying the Q61K/R N-Ras mutation. This might be explained by the fact that N-Ras activates other signaling pathways that mediate growth and survival (e.g., phosphatidylinositol 3-kinase/Akt pathway) whereas BRAF does not (22) . We then looked at the activation status of the Ras-Raf-MEK1/2-ERK1/2 pathway in both melanoma cell lines and normal cells. Both anthrax lethal toxin -sensitive melanoma cell lines and normal cells had significantly higher levels of phospho/total MEK1/2 ratio as compared with anthrax lethal toxin -resistant melanoma cell lines and normal cells. Furthermore, phospho/total MEK1/2 ratios strongly correlated with sensitivity to anthrax lethal toxin in both melanoma cell lines and normal cells. These results indicate that the sensitivity of melanoma cell lines and normal cells to anthrax lethal toxin depends on the activation levels of the Ras-Raf-MEK1/2-ERK1/2 pathway in these cells. We could not explain, however, the reason why anthrax lethal toxinresistant melanoma cell lines carrying the N-Ras mutation had lower phospho/total MEK1/2 levels than anthrax lethal toxin -sensitive melanoma cell lines carrying the BRAF mutation because both mutations cause a constitutive activation of the Ras-Raf-MEK1/2-ERK1/2 pathway. We were also unable to explain why anthrax lethal toxinresistant melanoma cell lines and normal cells with very low phospho-MEK1/2 levels had elevated phospho-ERK1/2 levels. Because anthrax lethal toxin inhibits all three branches of the MAPK pathway, we wanted to determine whether anthrax lethal toxin cytotoxicity to melanoma cell lines was due to the exclusive inhibition of the Ras-Raf-MEK1/ 2-ERK1/2 pathway or whether other branches of the MAPK pathway contributed to this toxicity. As expected, the specific MEK1/2 inhibitor U0126 was not cytotoxic to anthrax lethal toxin -resistant melanoma cell lines. It is unlikely that the specific inhibition of the MEK1/2 pathway would be toxic to cells resistant to the inhibition of the entire MAPK pathway. However, when we tested anthrax lethal toxin -sensitive melanoma cell lines, we found that 8 of 11 of these cell lines also showed some degree of sensitivity to U0126, suggesting that in these cell lines, cytotoxicity may be primarily attributed to the inhibition of the Ras-Raf-MEK1/2-ERK1/2 signaling pathway. However, 3 of 11 anthrax lethal toxin -sensitive melanoma cell lines showing high levels of phospho-MEK1/2 were not sensitive to the specific inhibition of the Ras-Raf-MEK1/2-ERK1/2 pathway by U0126. This suggests that in these cell lines, the toxicity of anthrax lethal toxin is not due to the inhibition of the Ras-Raf-MEK1/2-ERK1/2 pathway but might be due to the inhibition of the other branches of the MAPK pathway or to the inhibition of additional, yet unidentified, targets of anthrax lethal toxin. These findings are consistent with earlier observations in melanomas and are in line with recent studies showing that, in some macrophages, anthrax lethal toxin cytotoxicity is due to the inhibition of the p38 MAPK pathway (8, 23) . All our results indicate that anthrax lethal toxin is highly cytotoxic to melanoma cell lines and normal cells that depend on the MAPK pathway for survival. Additionally, we found that the V599E BRAF mutation and MEK1/2 phosphorylation levels are a potentially useful marker for MAPK dependency and, subsequently, anthrax lethal toxin sensitivity in melanoma cell lines. However, MAPK dependency may be more complicated than the presence of elevated phospho-MEK1/2 levels alone. Rare melanoma cell lines (2 of 18) were resistant to anthrax lethal toxin although the phospho/total MEK1/2 ratio was high. Further, CHL melanoma cells transfected with V599E BRAF showed a marked increase in phospho/total MEK1/2 ratio but did not have greater anthrax lethal toxin sensitivity. 5 Studies with HER2 in breast carcinomas likewise show complex relationships between pathway components and cell survival. Downstream signals such as phospho-AKT depend on PTEN levels, in addition to HER2 levels, for trastuzumab sensitivity (24) . In our study, MEK1/2 activation levels did not always indicate anthrax lethal toxin sensitivity and cell dependency on MAPK pathway for survival.
Our results show that anthrax lethal toxin is a potent toxin for the in vitro targeting of melanoma cell lines. The picomolar range potency of anthrax lethal toxin is similar to that of other toxins that were efficacious in the treatment of tumors, both in animal models and in clinical trials (25) . Furthermore, anthrax lethal toxin is a specific toxin because it only targets a limited number of normal tissues that rely on the MAPK pathway for growth and survival. More importantly, we determined an easily identifiable marker for anthrax lethal toxin sensitivity, the V599E BRAF mutation. This will allow us to select for anthrax lethal toxin -sensitive melanomas and therefore increase the therapeutic window of this toxin. All these factors argue for further investigation of anthrax lethal toxin as a treatment for BRAF-mutated melanomas.
